INTRODUCTION
An automation revolution is underway.
1 Current technologies can already mechanize most work activities, and the cost of these technologies is decreasing at a time when human labor costs are increasing. 2 On top of that, ongoing and exponential improvements in computing, artificial intelligence (AI), and robotics are permitting automation in an ever-increasing number of fields.
3 As a result, academic and industry experts are widely predicting that automation will result in substantial "technological unemployment" in the near future. 4 For instance, the McKinsey Global Institute has claimed that the disruption caused by AI will "happ[en] ten times faster and at 300 times the scale, or roughly 3,000 times the impact," of the Industrial Revolution. 5 We J. LEGAL ETHICS 501 (2017) (arguing that AI will refocus rather than replace attorneys). 4 See supra note 1. In the 1930s, the economist John Maynard Keynes popularized the term "technological unemployment" to refer to "unemployment due to our discovery of means of economising the use of labour outrunning the pace at which we can find new uses for labour." The Future of Jobs: The Onrushing Wave, ECONOMIST (Jan. 18, 2014), https://www .economist.com/news/briefing/21594264-previous-technological-innovation-has-always-delivered-more-long-run-employment-not-less [https://perma.cc/QQ3N-9AWN]. largest companies in Silicon Valley with a combined market capitalization of $1.09 trillion employed 137,000 workers.
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These are not new problems. 12 In 1962, President Kennedy stated, "I regard it as the major domestic challenge, really, of the sixties, to maintain full employment at a time when automation, of course, is replacing men." 13 His solution was to pass the nation's first and most sweeping federal program to train workers unemployed due to technological advances.
14 More recently, in December 2016, the Executive Office of the President issued a report which outlined a three-pronged policy response to automation and AI, namely, to: (i) "[i]nvest in and develop AI for its many benefits," (ii) "[e]ducate and train Americans for jobs of the future," and, (iii) " [a] id workers in the transition and empower workers to ensure broadly shared growth." 15 These and other proposals for dealing with automation have focused on improving education and improving social benefit systems. Concerns about technological unemployment have even breathed new life into an old social benefit proposal-guaranteed minimum income, which could involve the government making fixed payments to each of its citizens regardless of their circumstances. 16 While education reform often enjoys bipartisan support, enhanced social benefits are a politically challenging goal since liberals and conservatives often disagree on their desirability. 17 schemes is what is referred to as a basic income guarantee (BIG). Generally speaking, BIG is a monetary government-backed and issued guarantee such that all adults have access to an amount of money necessary to meet basic needs."). President Richard Nixon also once proposed a guaranteed event, both education and social benefit reforms to deal with automation would require significant financial support. 18 While there has been a lively public discourse on technological unemployment and income disparity, the automation debate has historically ignored the issue of taxation. That has very recently started to change. In February 2017, the European Parliament rejected a proposal to impose a "robot tax" on owners to fund support for displaced workers, citing concerns of stifling innovation. 19 The next day, Bill Gates stated that he thought governments should tax companies' use of robots to slow the spread of automation and to fund other types of employment. 20 Former U.S. Secretary of the Treasury Lawrence Summers then claimed Gates's argument was "profoundly misguided." 21 In August 2017, South Korea announced plans for the world's first "tax on robots" by limiting tax incentives for automated machines. 22 Currently, Korean businesses may deduct three to seven percent of an investment in automation equipment from their corporate taxes, depending on the size of their operation. 23 The announced reform would decrease the deduction rate by up to two percent. 24 basic income of about $10,000 in today's dollars for families of four. This proposal, the Family Assistance Plan, passed through the House before it was voted down by Senate Democrats. The critical importance of tax policies on automation has not been appreciated. The current system encourages automation by providing employers with preferential tax treatment for robot workers. Automation allows firms to avoid employee and employer wage taxes levied by federal, state, and local taxing authorities. It also permits firms to claim accelerated tax depreciation on capital costs for automated workers, and it creates a variety of indirect incentives for machine workers. All of this is the unintended result of a tax system designed to tax labor rather than capital. Tax policies may thus result in automation in some cases in which a firm would otherwise choose a human worker.
Even more concerning, automation significantly reduces the government's tax revenue since most tax revenue comes from labor-related taxes.
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When firms replace employees with machines, the government loses income due to taxation. A very rough estimate of revenue loss can be arrived at by multiplying an effective tax rate by the gross salary loss due to automation. In January 2017, the McKinsey Global Institute claimed that about half of current work activities could be automated using currently demonstrated technologies, which would eliminate $2.7 trillion in annual wages in the United States alone. 26 Workers pay high effective tax rates ranging from twenty-five percent to fifty-five percent when all tax types are taken into account. 27 This suggests that worker automation could result in hundreds of billions or even trillions of dollars in tax revenue lost per year at various levels of government.
28
In the United States and most other developed nations, the bulk of taxes are currently remitted by workers either through wage withholding, taxation of labor income, or indirect taxation of workers as consumers. 29 Since robots are not subject to these types of tax regimes, automation reduces the overall tax base. Robots are simply not taxpayers, at least not to the same extent as human workers. If all workers were to be replaced by machines tomorrow, 25 most of the tax base would immediately disappear. As a matter of taxation, automated workers represent a type of capital investment, and capital income is currently taxed at much lower rates than labor income.
30 This is not accidental; it is based on the historic belief that the taxation of labor income is more efficient than the taxation of capital income. This concept is discussed in tax policy analysis as the "tax incidence" of capital taxation.
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Tax is thus critically important to the automation debate. Tax policies should not encourage automation unless it is part of a deliberate strategy based on sound public policy. We believe the solution is to adjust the tax system to be at least neutral as between robot and human workers. 32 More ambitiously, changes to tax policies are necessary to account for the loss of government tax revenue due to automation. This is particularly critical because the education and social benefit reform necessitated by automation will only be possible with more, not less, tax revenue.
This article outlines several potential tax policy solutions to address the automation revolution. Tax "neutrality" between human and automated workers could be achieved through some combination of disallowing corporate tax deductions for automated workers, creating an "automation tax" which mirrors existing unemployment schemes, granting offsetting tax preferences for human workers, levying a corporate self-employment tax, and increasing the corporate tax rate. Neutrality in this setting refers to a system in which various alternatives are taxed equally, and so actors make decisions based on non-tax reasons.
Tax neutrality is widely accepted as an economically efficient principle for organizing a tax system. 33 Neutral taxes are more likely to have fewer negative effects, lower administration and compliance costs, promote distri- 30 The term "capital taxation" refers here to corporate income taxation. For butional fairness, and increase transparency. 34 Tax neutrality can thus result in a broader tax base with lower rates. 35 Non-neutralities in the tax system distort choices and behavior other than for economic reasons, and encourage socially wasteful efforts to reduce tax payments. 36 They can thus "create complexity, encourage avoidance, and add costs for both taxpayers and governments." 37 However, non-neutral taxes can be used deliberately to advance social policy-for instance, incentivizing activities like medical research, education, and homeownership. 38 Taxes may also be used to disincentivize certain activities, as so-called "Pigouvian" taxes. For instance, consumer goods such as alcoholic beverages and tobacco products bear an exceptional tax burden. In turn, this results in increased consumer costs, with the goal of decreasing consumption-but due to taxes rather than to other market and economic factors.
The advantage of tax neutrality as between human and automated workers is that it permits the marketplace to adjust without tax distortions. With a level playing field, firms should only automate if it will be more efficient, without taking taxes into account. Since the current tax system favors automated workers, a move toward a neutral tax system could increase the appeal of human workers. Policy solutions could even be implemented to make human workers more appealing than machines in terms of tax costs and benefits, to the extent policy makers choose to discourage automation.
The remainder of this article is divided into three parts. Part I discusses the phenomenon of automation and provides historical background on efforts to deal with its harmful effects. Part II analyzes current tax policies and contends that they promote automation even where it would not otherwise be efficient. Finally, Part III argues that changes to tax policy are needed to prevent the unintended consequences of encouraging automation and to offset the government's loss of tax revenue. We provide several potential solutions for achieving these goals.
The increased tax revenue from our proposal could be used to provide improved education and training for workers rendered unemployed by robots and computers. Should the pessimistic prediction of a near future with substantially increased unemployment due to automation manifest, these taxes could also support social benefit programs such as a guaranteed minimum income. Automation will likely generate more wealth than has ever been possible. It should not come at the expense of the most vulnerable. 34 
I. THE PROBLEM WITH AUTOMATION

A. Automation is Coming
Experts are widely predicting that automation is going to have a substantial impact on employment even in the near term. Bank of America Merrill Lynch argues that by 2025, AI may eliminate $9 trillion in employment costs by automating knowledge work. 39 A report by the World Economic Forum estimates that automation could result in the net loss of 5.1 million jobs by 2020. 40 The consulting firm Deloitte claims that thirty-five percent of jobs in the United Kingdom are at high risk of redundancy due to automation in the next ten to twenty years. 41 This is due to a combination of factors: improvements in automation technologies, decreased costs for such technologies, and increased labor costs. Whereas it was previously possible to automate a large number of work processes, it has now become practicable. As automation technologies continue to both improve and decrease in cost, it is difficult to think of work functions that will not eventually be susceptible to automation.
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The Good: Increased Productivity and New Jobs
Automation increases productivity, which generates value and creates wealth. 43 Partly due to technological advances and automation, the U.S. Gross Domestic Product (GDP) has steadily risen from $1.37 trillion in 1960 to $73.5 trillion in 2015. 44 Despite academic criticism, GDP has remained the dominant economic indicator of welfare and standard of living for half a century.
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39 BANK OF AMERICA MERRILL LYNCH, supra note 1, at 1 (noting also that AI will yield $14-33 trillion in annual economic impact). 40 45 See, e.g., Jeroen C.J.M. van den Bergh, The GDP Paradox, 30 J. ECON. PSYCHOL. 117, 117-18 (2008) ("Gross domestic product (GDP) is the monetary, market value of all final goods and services produced in a country over a period of a year. The real GDP per capita (corrected for inflation) is generally used as the core indicator in judging the position of the economy of a country over time or relative to that of other countries. The GDP is thus implicitly, and often even explicitly, identified with social welfare-witness the common substituting phrase 'standard of living'. . . . For over half a century now, the GDP (per capita) has been [Vol. 12 Automation can also create new jobs. 46 Human workers may be needed to build and maintain automation technologies. Automation may free up capital for investments in new enterprises, result in the creation of new products, or decrease production costs for existing products. Decreased production costs may result in lower consumer prices and thus greater consumer demand. All of this may increase employment. Technological advances have also historically upgraded the labor force: automation has reduced the need for unskilled workers but increased the need for skilled workers. 47 For instance, some of today's most in-demand occupations did not exist even five years ago. 48 
The Bad: Unemployment and Inequality
Automation can cause under-and un-employment. While worker productivity has risen robustly since 2000, employment has stagnated. 49 This may be due in part to technological advances. 50 When a company like McDonald's introduces computer cashiers, the company may save money and consumers may enjoy lower prices. 51 But human cashiers now find themselves in a more competitive labor market. The enhanced competition may result in lower wages, less favorable employment terms, fewer working severely criticized as not adequately capturing human welfare and progress. All the same, the GDP has maintained a firm position as a dominant economic indicator. . . ."). 46 The following arguments were referred to as "compensation theory" by Karl Marx, who argued none of these effects were guaranteed and that automation could result in forcing workers into lower paying jobs. See KARL MARX, CAPITAL, VOLUME I: THE PROCESS OF PRO- DUCTION Also, while automation generates wealth, it does so unevenly. Over the past twenty-five years, partly due to automation technologies, the income share of the top 0.1% has increased substantially. 55 The top 0.1% of the U.S. population is now worth about as much as the bottom 90%.
56 CEO-to-worker pay ratios have increased a thousand-fold since 1950, 57 but overall wages have been stagnant for thirty-five years. 58 Increased automation is likely to accelerate these trends. The White House Council of Economic Advisers has predicted that future automation will disproportionately affect lower-wage jobs and less educated workers, causing greater economic inequality. 59 Worsening employment coupled with growing income inequality is a recipe for social unrest. 60 "[e]veryone can enjoy a life of luxurious leisure if the machine-produced wealth is shared, or most people can end up miserably poor if the machineowners successfully lobby against wealth redistribution. So far, the trend seems to be toward the second option, with technology driving ever-increasing inequality." 
The Ugly: Reduced Tax Remittances
One of automation's most pronounced and unappreciated effects relates to taxes. Automation substantially reduces tax revenue. Most of the U.S. government's tax revenue comes from taxes on workers. 62 By stating that most tax revenue comes from workers, we refer to the aggregate amount of wage tax, income tax, and indirect taxes levied on income or wages derived from work at all levels of government. Much of the prior tax policy debate focused solely on income taxation by the federal government. 63 Of course, a substantial portion of income subject to federal income tax arises from work and falls within our definition of worker taxation. However, the tax policy debate has been misleading since wage taxes are also levied on labor income and comprise more than one-third of federal remittances. Likewise, indirect state taxes are levied on workers. Consequently, by replacing employees with machines, the government loses out on employee and employer wage taxes levied by federal, state, and local taxing authorities. In addition, tax revenue may be further reduced from businesses claiming accelerated tax depreciation on capital outlays for machines and from other tax incentives related to indirect taxation, such as sales tax or value-added tax (VAT) exemptions.
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B. History of the Automation Scare
Fears of the consequences of automation have been expressed since the industrial revolution. 65 In 1801, the writer Thomas Mortimer objected to machines, "which are intended almost totally to exclude the labor of the human 61 Akshat Rathi, Stephen Hawking: Robots aren't just taking our jobs, they're making society more unequal, QUARTZ (Oct. 9, 2015), http://qz.com/520907/stephen-hawking-robotsarent-just-taking-our-jobs-theyre-making-society-more-unequal The Industrial Revolution even gave birth to a social movement and group protesting the use of new technologies: the Luddites. 69 Luddites were primarily English textile workers who objected to working conditions in the nineteenth century. They believed that automation threatened their livelihoods, and they were opposed to the introduction of industrial machinery.
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Some Luddites engaged in violent episodes of machine-breaking, in response to which the English government made machine-breaking a capital offense.
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The Luddite movement died out, but automation concerns persisted throughout the twentieth century, often flaring during times of rapid technological progress. 73 In his 1960 election campaign, John F. Kennedy suggested that automation offered "hope of a new prosperity for labor and a new abundance for America," but that it also "carries the dark menace of industrial dislocation, increasing unemployment, and deepening poverty." 74 Despite these concerns, technological advances have historically resulted in overall job creation. The computer eliminated jobs, but created jobs for working with information created by computers. The automobile eliminated jobs, but created jobs in the motel and fast-food industries. The tractor and other agricultural advances eliminated jobs, but drove job growth in other areas of the economy. In 1900, forty-one percent of the workforce was employed in agriculture. 75 In 2000, less than two percent of the employed labor force worked in agriculture. 76 Yet this has not translated to a thirty-nine percent increase in unemployment. Even as agriculture-based employment and agriculture's relative contribution to the GDP decreased, the productivity of farmworkers skyrocketed and agriculture's absolute contribution to the GDP increased.
77 Indeed, in each era when concerns have been expressed about automation causing mass unemployment, technology has created more jobs than it has destroyed.
C. Is This Time Different?
The automation debate is resurfacing with a vengeance due to recent advances in AI and other automation technologies. Once more, prognosticators are divided into two camps: the optimists who claim there will be a net creation of jobs, and the pessimists who predict mass unemployment and growing inequality.
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History favors the optimists. 79 They argue that technological advances will generate widespread benefits together with overall job creation. They 73 See Kremen, supra note 14 ("The dawn of the Atomic Age had witnessed the implementation of a new technology that threatened to replace men with machines."); see also 78 See Schwab & Samans, supra note 9, at v-vi; see also Dorini, supra note 9, at 233 ("The ranks of the unemployed are swelling with former service sector workers, such as secretaries, receptionists, clerks, and cashiers. These workers are being replaced by what Rifkin calls the silicon-collar workforce: answering machines, scanners, voice and handwriting recognition devices, electronic mail, and inventory control and monitoring devices.") (citation omitted). 79 See John Maynard Keynes, Economic Possibilities for our Grandchildren, in ESSAYS IN PERSUASION 321-32 (Palgrave Macmillan 2010) (1930) (predicting that the combination of technological innovation and capital accumulation will eventually solve the problem of material needs). also argue that current unemployment may relate more to globalization and offshoring than to technology, and that any future technological unemployment would be "only a temporary phase of maladjustment."
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But there is reason to think that this time may be different. 81 Computers are improving exponentially, and there are fewer limits to what they can do than ever before. Computers can replace low-skilled workers and manual laborers as well as white-collar workers and professionals in a variety of fields. Computers are already working as doctors, lawyers, artists, and inventors. 82 All of this is occurring at a time when labor costs are rising and computer costs are declining. In 2012, Vinod Khosla, the co-founder of Sun Microsystems, predicted that diagnostic software would take the jobs of eighty percent of physicians in the next twenty years.
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While the optimists and pessimists disagree about automation's effects on long-term unemployment, both agree it causes short-term job losses and industry-specific disruption. During past episodes of widespread automation and technological change, it took decades to develop new worker skill sets on a significant scale and to build new job markets. 84 Although the Industrial Revolution ultimately resulted in net job creation, it also resulted in periods of mass unemployment and human suffering. In the coming "Automation Revolution," whether there are detrimental long-term effects, there will almost certainly be significant short-term disruptions. 
D. Automation Social Policy
It is important that policy makers act to ensure that automation benefits everyone. Our policy goal should be to accommodate and even encourage advances that promote economic value, while redistributing benefits to those negatively affected. In the midst of the Industrial Revolution, the philosopher John Stuart Mill wrote that while automation would ultimately benefit laborers:
this does not discharge governments from the obligation of alleviating, and if possible preventing, the evils of which this source of ultimate benefit is or may be productive to an existing generation. . . . [T] here cannot be a more legitimate object of the legislator's care than the interests of those who are thus sacrificed to the gains of their fellow-citizens and of posterity. Public policy can address these risks, ensuring that workers are retrained and able to succeed in occupations that are complementary to, rather than competing with, automation. Public policy can also ensure that the economic benefits created by AI are shared broadly, and assure that AI responsibly ushers in a new age in the global economy.
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Efforts to alleviate the harms and share the benefits of automation have focused on education and social benefits. As mentioned earlier, in December 2016, the Executive Office of the President, then under Barack Obama, issued a report which outlined policy responses to AI and automation, namely: to invest in AI, educate and train Americans for future jobs, and transition workers to ensure widespread benefits. 88 In terms of education, it is thought that technologically unemployed workers need retraining to transition to new job types. Historically, numerous government and industry programs have combated technological unemployment with education. 89 The nation's first and most sweeping federal training program, the Manpower Development and Training Act of 1962, was signed into law by President Kennedy to train workers unemployed due to technological advances and automation. 90 89 A particularly interesting example is the Armour Meat Packing Company, which created "a special 'automation fund' for retraining purposes. The company paid a 14-cent levy into the fund, established in 1959, for every 100 tons of meat shipped, up to $500,000, to pay for retraining operations." Kremen, supra note 14. 90 Id. Also of note, a year earlier, the Office of Automation and Manpower was created at the Department of Labor to anticipate technological change and create occupational guidance. Id. For extensive reviews of automation issues in the 1960s, see generally OFFICE OF MAN-recently, President Obama provided billions of dollars to fund worker training in part to address technological unemployment. 91 More ambitiously, he proposed a plan to make two years of community college free for "responsible students" in his 2015 State of the Union Address, although this proposal was never adopted. 92 As the third prong of President Obama's 2016 strategy report notes, social benefit investments are also critical. 93 The report advocates strengthening the social safety net through greater investments in programs such as unemployment insurance and Medicaid. 94 It also proposes the creation of new programs for wage insurance and emergency aid. 95 In addition, it argues for building a twenty-first century retirement system, expanding health care access, and increasing worker bargaining power.
96 President Trump's administration does not appear to have announced a policy response to AI and automation. Revitalized concerns about technological unemployment have breathed new life into an old social benefit proposal-guaranteed minimum income. 98 The basic idea is that the government would provide a fixed amount of money to its citizens regardless of their situation. This has been implemented numerous times on a relatively small scale, most recently in Finland. 99 In 2017, Finland began a pilot program to give about $600 per month to 2,000 unemployed citizens, with no other requirements. 100 Proponents argue this will reduce unemployment, poverty, and disincentives for the unemployed to work (as under conventional unemployment schemes recipients generally lose their unemployment benefits after returning to work). 101 It might also encourage education by providing support for a period of training. Critics have argued that a guaranteed minimum income will encourage recipients to remain unemployed and discourage additional education. 102 In any case, Finland plans to eventually replace earnings-based insurance benefits with a basic income.
103 Y Combinator, the Silicon Valley start-up incubator, has plans to launch a similar private program in Oakland, California.
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Improving education and social benefit systems will not be easy. Liberals and conservatives alike can agree on the desirability of improving worker training as it will enlarge the productive labor force, but "[d]elivering this education and training will require significant investments."
105 Enhancing the social benefit system will also require significant investment, but such a goal is even more challenging because liberals and conservatives generally disagree that enhanced benefits are a desirable aim.
106
That automation creates a need for greater government investment is well known, but what has so far been largely ignored in the automation debate is that automation will make it far more difficult for the government to make investments once tax revenues are reduced. 98 See supra note 16 and accompanying text. 99 
II. CURRENT TAX POLICIES FAVOR AUTOMATION AND REDUCE TAX REVENUE
A. Introduction
Worker automation is often thought of as a matter of efficiency, where efficiency refers to the ratio of useful output to total input. 107 For example, if a machine and a person create the same output, but the machine is less expensive, then automation generates cost savings and improves efficiency.
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If a robot costs a firm $40,000 a year and a human worker costs $45,000 a year, with both workers producing the same output, the firm would yield a $5,000 annual cost savings by automating.
However, it may also be the case that the robot costs more than a human worker before taxes, and only becomes cheaper on a post-tax basis. For instance, the capital outlay for the robot, which includes money spent to acquire, maintain, repair, or upgrade fixed or capital assets such as robots, together with the costs for operating the robot (electricity, etc.), might be estimated at $50,000 over some period, whereas the wages and other costs associated with an employee (healthcare, retirement funding, etc.) might be $45,000 over the same period. The robot may be associated with tax benefits that do not apply to human workers and which reduce its cost to $40,000. A firm using a rational cost-based decision model would choose to automate and realize the machine's tax benefit. In this example, tax policy has rendered the robot a more efficient worker. In simple terms, the heavy relative taxation of the living worker drives the firm toward automation to generate tax savings.
The tax system is not neutral as between work performed by robots versus people.
109 Automation provides several major tax advantages. Firms that automate avoid employee and employer wage taxes levied by federal, state, and local taxing authorities and claim accelerated tax depreciation on capital costs for automated workers. The tax system also provides indirect incentives for automated workers. Any outputs produced by human labor are thus effectively penalized compared to outputs produced by capital. 110 In 107 Expressed mathematically, efficiency "r" is equal to the amount of useful output ("P") divided by the amount ("C") of resources consumed: r=P/C. 108 See Stevens, supra note 17, at 373 ("Technology is very attractive to owners of capital. Machines require no pay, benefits, sick leave, vacation, lunch breaks, or weekends off. They are less prone to err and are more productive than human beings. In a race for the same job, it is therefore difficult for humans to compete with machines."). 109 The analysis of the "neutrality" of taxation is a common practice in the field of taxation. . 110 See MEISEL, supra note 32, at 220 ("An automation tax described as a payroll tax on computers conveys the basic concept. It helps level the playing field. The automation tax serves two purposes: (1) it provides an incentive for a company to create jobs by means such [Vol. 12 fact, as described below, automated workers are taxed less than human workers at both the employer and employee level.
B. Avoiding Employee and Employer Wage Taxes via Automation
Wage taxes as discussed here are levied solely on wages paid to individuals to fund social benefit programs including Social Security, Medicare, and Medicaid. Presently, in the United States, the employer and employee pay matching amounts totaling 12.4% of an employee's salary, plus matching Medicare payments totaling 2.9% (applied on the first $127,200 of earnings), plus an additional 0.9% Medicare surcharge (applied on earnings over $200,000).
111 Many states and localities also levy wage taxes that apply in addition to the federal levies.
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C. Tax Benefit from Accelerated Tax Depreciation on Capital Outlays for Automated Workers
"Tax depreciation" refers here to the deduction (a reduction in the tax base) claimed by the firm in respect to capital outlay for automated workers. Deductions for capital outlays for automation equipment will allow the firm to reduce its tax base over time, which reduces the amount of tax that is payable. Of course, wages paid to individuals are also tax deductible, but the timing of the deduction works differently for robot and human workers.
The timing of claiming a deduction may have a significant effect on a firm's tax burden. An accelerated tax deduction means that the deduction may be claimed earlier than its actual economic depreciation (the reduction in the value of an asset over time). 113 For example, assume a robot has a total as investing in human-computer synergy; and (2) it proves governmental revenues that, properly used, can create more consumption and thus boost the economy."). 111 capital cost of $100,000 and seven years of useful life, while an employee has a total wage cost of $100,000 over seven years. If accelerated depreciation for capital is available, 114 the firm may be able to claim a large portion of the $100,000 depreciation as a tax deduction in year one rather than prorata over seven years. 115 For instance, the firm might claim tax depreciation for an automated worker of $50,000 in year one, $30,000 in year two, $10,000 in year three, and in diminishing amounts to year seven. By contrast, wage taxes must be deducted as paid (i.e., 1/7th in each year). In this case, a present value benefit will accrue from claiming accelerated tax deductions for automated workers relative to the pro-rata tax deductions for employee wages, even where the $100,000 capital outlay is paid up-front. 116 This is possible because the present value of the accelerated tax deduction on capital investment is greater than the discounted value of the return the firm could make by investing the free cash held on its balance sheet.
Tax depreciation (whether accelerated or not) is also generally available even where the actual rate of inflation is equal to or greater than the economic depreciation.
117 "Inflation" here refers to the rate at which the general level of prices for goods and services is rising such that it would cost more to buy the same robot next year than it costs today. The issue becomes significant where, as in the prior example, it was presumed for tax purposes that 
(1957))
. 114 See Margalioth, supra note 113, at 505 ("For tax reporting purposes, the Code allows the use of much more accelerated depreciation methods than the straight-line method."). 115 See id. at 505-506 ("The vast majority of U.S. corporations use a depreciation method called 'straight-line' for financial reporting purposes. According to the straight-line depreciation method, annual depreciation is calculated by subtracting the salvage value of the asset from the purchase price and dividing this number by the estimated useful life of the asset. The outcome is equal periodical deductions throughout the asset's useful life. If the asset in the above example is depreciated under the straight-line method, its $1000 cost is allocated uniformly over its useful life period of five years, resulting in $200 of depreciation deduction each year.") (citations omitted).
116 Most large corporations have significant cash accumulations and do not need to borrow funds (and pay interest) to make capital expenditure on automation. Notably, if corporate borrowing is required to fund capital expenditure, then present value will depend on the adjusted cost of capital, taking into account the value of tax deductions for interest paid. In summary, accelerated tax depreciation yields an economic benefit where the firm has balance sheet cash earning a low rate of return that it can instead deploy to yield tax deductions on an accelerated basis. 117 See Margalioth, supra note 113, at 508 ("In times of inflation, recovery of the nominal cost of investment is not sufficient to match income and expenses. Because of inflation, the income generated by the asset is expressed in a larger number of dollars though it has the same purchasing power.").
the robot wears out after seven years, but it turns out the robot actually increases in nominal value. An incremental tax benefit thus accrues where the rate of inflation is higher than the rate of the actual diminishment in economic value, and where the nominal (or inflationary) difference is never recaptured in the tax system. In the corporate setting, this recapture of tax book to inflation difference would only accrue on the disposal of the asset, which rarely occurs. The same principle applies to commercial real estate, where tax depreciation is allowable on an asset that is actually increasing (not decreasing) in nominal value over time, and the difference is not adjusted for tax purposes.
Finally, firms can use accounting "tricks" to report a tax benefit to earnings due to automation, which they may want to do for a variety of reasons, such as making the company look more attractive to potential investors. Where tax depreciation is accelerated relative to book depreciation (the amount reported on financial statements), a firm may generally claim a profit (or earnings benefit) to reported earnings from the tax benefit.
118 Thus, a large corporation enjoys a book benefit to reported financial earnings from the differential in depreciation periods. Any firm seeking to accelerate reported earnings could use automation to achieve such a timing benefit. This increase to reported earnings may be an even more significant motivation for large firms to automate than a cash tax savings.
D. Indirect Tax Incentives for Automated Workers
The indirect tax system also benefits automated workers at the firm level. Indirect taxation refers to taxes levied on goods and services rather than on profits; the primary examples are the Retail Sales Tax (RST) levied by states and municipalities in the United States and the VAT in most other countries. Employers are thought to bear some of the incidence of indirect tax, as worker salaries and retirement benefits must be increased proportionately to offset the indirect tax. 119 In the case of automated workers, however, the burden of indirect taxes is entirely avoided by the firm because it does not need to provide for a machine's consumption. 120 In general, business ex- 118 See id. at 505 ("Accounting for depreciation is also required for financial reporting purposes. Generally accepted accounting principles (GAAP) require the depreciation of the (depreciable) cost of income generating assets, usually, tangible assets. The cost has to be allocated among accounting periods on a systematic and rational basis that reflects the use of the asset in the revenue generating process over the asset's operational life.") (citations omitted). 119 120 The capital assets comprising automated workers might be subject to property taxation by some local jurisdictions as business personal property. However, such personal property taxation is often successfully mitigated by tax planning or with tax waivers by local jurisdictions and municipalities negotiated by municipalities. Further, human employees also engender some degree of attached personal property (e.g., office fixtures, personal computers), which are also subject to personal property taxation.
penditures for capital assets such as machinery are exempt from indirect taxation or yield a deduction for RST or VAT.
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E. Automation Reduces Tax Revenue
The share of the tax base borne by labor is increasing. 122 For 2015, the Internal Revenue Service (IRS) reported that out of the nearly $3 trillion in net collections, individual income taxes accounted for 49.8%, employment taxes 35.2%, business income taxes 11.7%, excise taxes 2.6%, and estate and gift taxes 0.7%. 123 In the European Union, high rates of wage taxation are levied in addition to VAT, which is also thought to burden workers, this time in their role as consumers. Moreover, capital taxation is trending sharply downwards in nearly all jurisdictions. Corporate taxation now comprises roughly one-half of its respective share compared to prior decades. 124 In fact, the Trump administration's recently enacted Tax Cuts and Jobs Act reduces the corporate tax rate from a maximum of 35 percent to a flat 21 percent beginning in 2018. 125 In Europe, lower taxation of capital relative to other types of taxes is welcomed as a means of international tax competition.
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Worker taxation is different from corporate taxation in several respects. Tax avoidance planning is not generally available to wage earners. For instance, an employee cannot use transfer pricing techniques to shift earned income into a 0%-taxed entity in the Cayman Islands. 127 Also, wage earnings are not subject to potential deferral, meaning labor income is taxed currently whereas capital may be taxed upon future disposition of an asset. Human [Vol. 12 capital is also not depreciable, so a person does not typically get a tax deduction for education or medical costs, at least not up to the full amount of the investment.
128 By contrast, machinery or other equipment yields an immediate and ongoing tax deduction to a firm until the equipment's tax basis is reduced to zero. Workers are additionally subject to various forms of indirect taxation, particularly in Europe and in states or local jurisdictions, whereas business machinery is often exempted from RST and VAT.
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If corporate taxes decline as a share of the tax base while the overall level of taxation holds constant, other types of taxation may increase to cover the difference. While a government may choose to increase borrowing or decrease spending, this would be expected to have negative economic effects over the long term.
III. TAX POLICY OPTIONS FOR AN AUTOMATION TAX
The current tax system is designed to principally tax human workers and not robot workers. All else being equal, this creates a situation in which firms prefer robots since substantially less tax per output is accrued or remitted in respect of an automated worker. At the same time, the automation of large segments of the labor force threatens long-term fiscal solvency because of the potential reduction in tax collections.
A major automation policy issue is therefore how to adjust the tax system to be neutral as between robot and human workers, or even to create incentives for human rather than robot workers to incentivize employment. In doing so, it is important to consider that capital investment of any kind (including for robots) is thought to be beneficial to economic growth.
130 Nations engage in tax competition to draw capital into their jurisdictions. Any disallowance of capital deduction would serve as a disincentive to investment and would, theoretically, be economically undesirable. For example, if only one taxing jurisdiction disallowed tax deductions for automated workers, multinational firms might shift their capital investments to other juris- dictions. 131 It is therefore important to consider international tax competition in evaluating various options to create an automation-neutral tax system. 132 
A. Disallowance of Corporate Tax Deductions for Automated Workers
A first option is to attempt to disallow the respective corporate income tax deductions for capital investments that give rise to the automation tax benefit. The basic idea is to reverse each of the tax benefits accruing in the case of worker automation in relation to avoidance of levy of wage taxes, accelerated or timing difference of deductions, and indirect tax benefits. The recent South Korean "robot tax" adopted this strategy in part by reducing deductions for investment in automated machines. 133 To begin with federal income taxation, the disallowance of tax preferences upon some threshold of income level is a common practice in the Internal Revenue Code and is often referred to as a "phase out." 134 Phase outs reduce tax benefits for higher-income taxpayers, such as the child tax credit and certain contributions to retirement accounts, and they target tax benefits to middle-and lower-income taxpayers. 135 For instance, student loan interest is deductible, but not for individuals with more than $80,000 in modified adjusted gross income (MAGI) ($160,000 for joint filers). 136 Some phase outs reduce credits, others reduce deductions. 137 A new code provision could be designed with a similar phase out, where depreciation or other expenses related to automated workers would be disallowed based on a reported level of automation, rather than income. For example, firms with high levels of worker automation could have their tax depreciation automatically reduced beyond a certain threshold. The Treasury Department would need to craft detailed regulations and criteria to identify the threshold and to measure the level of automation required to trigger the disallowance.
In respect of indirect taxation, a simpler solution may be possible. Indirect tax preferences for capital outlay in respect to automated workers could [Vol. 12 be disallowed outright at the state level. Thus, for example, where the firm attempts to claim an RST/VAT exemption or refund for tax payments made to purchase and maintain automated workers, this would not be permitted.
These measures could achieve greater balance between taxing human workers and robots, but the disallowance of corporate income tax deductions will not adequately address the decline in the wage tax base used to fund social insurance benefits.
B. Levy of an Automation Tax
A second option is to levy an incremental federal "automation tax" to the extent workers are laid off or replaced by machines. 138 A similar system is in place with respect to unemployment compensation in many states where worker layoffs are tracked and employers are given corresponding ratings. 139 Employers must pay into an unemployment insurance scheme based on their ratings, so a business which has more layoffs pays more in taxes for unemployment insurance. 140 A federal automation tax could be designed to do essentially the same thing where worker layoff data could be obtained from the states and then used to levy an additional federal tax to the extent the Treasury Department determined the layoffs were due to automation.
A potential drawback to the levy of an additional automation tax is that it would essentially increase the corporate effective tax rate for many firms, and also increase the relative complexity of the tax system. Economic theory suggests that higher rates and added complexity are negatives in terms of international tax competition. 141 Another drawback is that firms might accelerate layoffs upon passage (or debate) of the bill prior to implementation to avoid the tax by reducing the number of employees upon the effective date of the law. Accordingly, a retroactive effective date for measurement of employment levels for the automation tax would be a practical necessity.
C. Grant Offsetting Tax Preferences for Human Workers
A third option is to attempt to grant offsetting tax preferences for firms that employ human workers for each category of tax benefit. To begin with wage taxation, the tax preference could entail a repeal of the employer contributions to the Social Security and Medicare systems. The result would be that both human and automated workers would be exempt for the employer in terms of wage taxes-not just automated workers. However, this would accelerate the insolvency of the Social Security system unless the resultant decrease in tax collections were otherwise offset.
142
In terms of income taxation, an offsetting preference for human workers could be designed as an accelerated deduction for future wage compensation expense (i.e., the firm would get an accelerated tax deduction) to match the accelerated depreciation for automated workers. In terms of indirect taxation typically levied by the states, the contemplated offset would be for indirect taxes not typically levied on wage income. This would constitute an incentive for firms to employ human workers.
D. Levy of a Corporate Self-Employment Tax
A fourth option is to increase corporate level taxation for firms that produce outputs without using human labor. The additional taxes would be a substitute amount for Social Security and Medicare wage taxes avoided by the firm with automated labor. 143 In part, this is the corollary to the individual self-employment tax where a small-business owner is required to pay monies into the Social Security system approximating the Social Security taxes that would be paid on his or her own wages deemed to be paid to self. The corporate self-employment tax would be calculated as a substitute for what employment taxes would have been on the worker and employer if a human worker had continued to perform the work. 144 The corporate selfemployment tax could be calculated based on a ratio of corporate profits to gross employee compensation expense. If the ratio exceeds an amount determined by the Treasury (in reference to industry standards), then backup 142 This would require a very significant offset. Federal Insurance Contributions and SelfEmployment Insurance Contributions currently make up about 34.6% of net federal tax collections. Federal Insurance Contributions include both employee and employer payments to fund Social Security and Medicare. See I.R.S., supra note 122.
143 MEISEL, supra note 32, at 222-23 ("Returning to the payroll tax analogy, companies that hire fewer people pay fewer payroll taxes. The payroll tax in the US helps fund social security, Medicare, and unemployment insurance. In Europe, payroll taxes are even higher than in the US."). 144 Id. at 227 ("The automation tax might encourage companies to prefer productivity improvements achieved by using a combination of human and computer capabilities.").
The drawbacks to increasing the corporate tax rate are well-known and may be summarized as follows: First, the corporate tax rate might be a signal to firms about the tax climate of a jurisdiction, so higher tax rates could have a negative psychological effect on capital investment decision making. 149 Second, accelerated tax deductions would be a stronger automation incentive with a higher corporate tax rate as the deduction would have greater value. This means that an increase in the corporate tax rate should be taken in combination with our other proposals. Third, the increase in corporate tax rates would affect all firms, even those not engaged in worker automation. Hence, the increase in corporate tax rate option might be viewed as one version of zero-sum analysis, in which tax policy is designed not to allow a shift of the tax burden from capital to other taxpayers. Further, any increase in corporate tax rates may prompt firms to attempt to shift the tax incidence to workers or consumers. 150 Finally, increasing corporate tax rates may be politically unfeasible. As Meisel notes in an understated fashion, "[c]orporations might instinctively fight a corporate tax."
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F. Issues in Economic Efficiency Relevant to Automation Tax Policy Proposals
The tax policy analysis developed here comes from the perspective of average effective tax rates as opposed to solely marginal rates.
152 Any marginal tax rate methodology excludes an analysis of taxation relative to the overall share of the tax base. For example, technology and pharmaceutical companies often pay a very low average effective tax rate (e.g., less than 10%) but could also be correctly found to simultaneously have a high marginal effective tax rate (e.g., about 35%). A corporate taxpayer which pays very little tax relative to its level of taxable income could correctly describe its marginal tax rate as "high." Accordingly, the last dollar of income may nearly always be found to be taxed at a "high" marginal tax rate, even where the average effective tax rate is relatively low.
153
Economic models of taxation are typically designed by modeling the hypothetical effects of changes in marginal tax rates. 154 Marginal tax rates 149 Id. at 60-61 ("Any income tax system is designed initially to favor active investors. This is because no matter how high the actual tax rate, it is levied only on what is referred to as 'taxable income.' Of course, 'taxable income' means the amount of profits less deductions. Every tax professional is aware of this feature of an income tax system and counsels the client accordingly."). 150 See Kimberly Clausing, In Search of Corporate Tax Incidence, 65 TAX L. REV. 433, 468 (2012). Firms, however, behave as if they bear the incidence of corporate taxation.
151 MEISEL, supra note 32, at 225. 152 The calculation of a marginal tax rate is essentially the theoretical opposite of the calculation of taxation as a percentage of the share of the overall tax base. 153 For example, a firm may have an overall tax rate of 20% on all of its earnings; however, with respect to a hypothetical decision of whether to earn incremental income, the marginal tax rate might be 35%. 154 For a discussion of marginal tax rates in economic analysis, see David Madden, The Poverty Effects of a 'Fat Tax' in Ireland, 24 HEALTH ECON. 104, 106 (2015) ("The difficulties [Vol. 12 again represent incremental changes to the statutory tax rate on the last dollar of income. 155 For example, a change in the statutory corporate tax rate from 35% to 30% would be reflected in economic models premised on marginal rate analysis. The trouble with this form of economic modeling is that its validity relies on the presumption that firm decisions are made based on tax effects on the marginal investment and not based on an average. This approach has major implications for tax policy design as tax cuts to the statutory rate are nearly certain to have a marginal effect even where the firm does not pay a high tax rate overall. Thus, business and investment decisions are presumed not to proceed at the average tax rate for all earned income, but only with respect to incremental tax changes relevant to marginal income.
Other economic modeling proceeds on a marginal effective tax rate basis (i.e., reflecting that corporate taxpayers do not pay the statutory rate). For example, the granting of an additional deduction for manufacturing activity to corporations could reduce the marginal effective tax rate on the last dollar of income from 30% to 27% where the statutory rate is 35%. By this method, the firm would be presumed to make an investment decision based on the average tax rate at the margin. Both approaches are distinguishable from analysis using simply an average effective tax rate, which for large corporations is now calculated at approximately 20% (including permanent deferrals) and trending downward. 156 However, for many tech companies, the effective tax rate is below 10%. At such very low average effective tax rates, it is not clear that economic analysis of marginal effects of tax cuts is a realistic method of tax policy analysis. By such methods, significant macroeconomic benefits can be posited where corporate effective tax rates are reduced from very low levels to even lower levels (e.g., from 2% to 1%), but where it is likely that factors other than marginal taxation are likely to drive firm investment decisions. Also, the positing of economic growth from marginal tax cuts does not consider the effect changes in the composition of the overall tax base, where the taxation of one factor is substantially reduced, namely capital, and the taxation of another factor is increased (or overall borrowing is increased). Further, multinational firms do not engage in tax avoidance planning to reduce income which they do not intend to earn. associated with non-marginal tax reforms have led a number of analysts to concentrate on marginal tax reforms. This approach has the advantage of not requiring estimates of individual demand and utility functions.") (internal citation omitted). 155 The U.S. federal statutory corporate tax rate is thirty-five percent for corporate income in excess of ten million. See I.R.C. § 11 (2012 In summary, notwithstanding that the statutory corporate tax rate, or marginal corporate effective tax rates, might be correctly described as "high" in the economic theory of taxation, such analysis is also subject to a relative or zero-sum form of analysis, where tax cuts for one party are transferred as tax increases to another party. The average effective tax rate on workers is relatively "high" where all types of taxation are taken into account. 157 The taxation of workers comprises the bulk of the tax base in the United States and that of most developed countries. As workers are substituted or replaced by automation, follow-on effects are possible not only from the direct reduction in the tax base, but also indirectly where the relative taxes are transferred to other workers in the economy.
CONCLUSION
Automation promises to be one of the great social challenges of our generation. It can benefit everyone, or it can benefit the select few at the expense of the many. Tax is a critical component of any automation policy. Existing tax policies both encourage automation and dramatically reduce the government's tax revenue. This means that attempts to craft policy solutions to deal with automation will be inadequate if they fail to take taxation into account. In this article, we have proposed a series of tax policy changes that could level the playing field for human workers. Whether these proposals are adopted may depend on whether policy makers are prepared to make politically challenging decisions about how to deal with automation.
